This paper reports the findings regarding morphology, DNA markers and fruit quality of Solanum muricatum L., a newly introduced fruit in Hazara University, Pakistan, and other locally grown members of the Solanaceae family. In this study, RAPD (Random Amplified Polymorphic NA) based PCR report on phylogenetic affinities of pepino with brinjal, chilies, potato and tomato was also included. Total genomic DNA was isolated and 120 arbitrary decamers were applied to the genomic DNA of all these species. Only five out of the 120 decamers produced 27 polymorphic loci with the range of 400 -1400 bp. We observed the specificity of markers, and primer B-08 amplified 700 bp locus linked to Solanum muricatum L., (Pepino), which could be used to identify this particular species of this family. Cluster analysis was also performed using the DNAMAN software (version 5.2.2.0) against the bivariate data collected from the products of several decamers. The UPGMA (Unweighted pair Group Method with Arithmetic Mean) analyses depicted three distinct groups, i.e. group I sorted out brinjal-tomato, group II sorted out chili-potato and pepino sorted out into its independent group III. Though on the basis of morphological traits pepino clustered with tomato, its DNA analyses proved it as a distinct species, far more related to the tomato. Moreover a total six parameters in biochemical analysis were studied, which revealed that pepino is a juicy fruit with maximum 93.25% moisture. This study could be helpful to maximize the new crop pepino in Pakistan.
Introduction
The pepino (Solanum muricatum Ait; Solanaceae;) previously not reported from Pakistan, is a herbaceous crop domesticated in pre Columbian times for its juicy fruits [1] . Pepino bears fruit with a sweet smell and yellow skin color with purple bands [2] [3] . It is a delicious flavored fruit similar to honeydew or rock melon. This plant food is considered as a fruit in Europe, and it has been cultivated as a new vegetable in Iran [4] . The variety of fruit size, shape, color and flavor among pepino clones is remarkable. However, in most of the commercial cultivars, the fruits weigh between 100 to 300 g, and are round, ovate or elongate in shape [2] .
This fruit is nowadays grown in subtropical climates in other regions of the world, especially America and New Zealand, and as a result, they readily exist in many areas during its regular season [5] [6] . Despite its high yield potential it has not achieved the success of other like tomato (Lycopersicum esculentum Mill.), potato (Solanum tuberosum L.) and pepper (Capsicum annum L.). Only in the recent times pepino fruits have raised an increasing interest in the exotic fruit market in Europe and America [7] . The pepino is usually grown up as an annual crop, but in frost free areas, it is sometimes grown as perennial [8] . In the previous studies, AFLP (Amplified Fragment Length Polymohism), cp-DNA restriction fragment length polymorphisms (RFLPs) and DNA sequence haplotypes were used to understand the domestication and evolution of pepino [9] - [12] . Moreover, different molecular techniques were utilized to establish a protocol for pepino mosaic virus (PMV) disease diagnosis [13] [14] .
Due to its experimental simplicity, the use of RAPD as molecular markers for taxonomic and systematic analyses of plants [15] , as well as plant breeding and the study of genetic interactions [16] [17] , has significantly increased. The present research aims to elaborate pepino on the basis of morphological traits as well as to work out phylogenetic affinities with other Solanaceae crops and to establish a genetic base line for authentication and identification of pepino.
Material and Methods

Plant Material
Four species viz. tomato (Lycopersicum esculentum Mill.), potato (Solanum tuberosum L.), brinjle (Solanum melangina), chilli(Capsicum annum L.) of the Solanaceae family along with pepino (Solanum muricatum Ait;) were grown in the greenhouse at Department of Genetics, Hazara University, Mansehra, Pakistan.
DNA Based Study
DNA was isolated using protocol developed by Doyle and Doyle (1990) [18] with minor modification. DNA quality and quantity of all these four plants were measured and checked with 1% agarose/TBE gel. The electrophoresis was used to check the RNA contamination of genomic DNA and the DNA based intensity was compared with DNA marker (Enzynomics Cat # DM001) for better visual estimation. Different dilution of isolated DNA was prepared 10 ng, 30 ng, 50 ng and 100 ng per µl in autoclaved dd H 2 O for PCR optimization and amplification. The random decamers were prepared and obtained from BIONeer and details of markers used in this study are given in Table 1 . The molecular data were analyzed using statistical software DNAMAN 5.2.2.0 to construct the dendrogram.
Using standard conditions, polymerase chain reaction (PCR) was performed to amplify all DNA samples. The commercial Taq polymerase kits were ordered from Enzynomics, Korea. All PCR products were resolved by electrophoresis along with the DNA marker on 1.5% agarose gel, prepared in 0.5X TBE (Tris/Borate/EDTA) buffer. The electrophoretic file image was documented using gel documentation. The amplification of PCR products was done twice or thrice for reproducibility of band scoring. The sizes of amplified RAPD-DNA fragments (bp) were estimated by reference to a known DNA marker. Those amplified fragments were compared and used in statistical processing which shared over the two or three PCR runs. The presence or absence of fragments was recorded as either 0 (absent) or 1 (present). The binary data set was recorded on a separate sheet for further processing.
Morphological Characterization
The genetic relationship of taxa belonging to the section was investigated by using different morphological markers, to reveal the confusion around the relationship and origin of pepino and other members. The following quantitative and qualitative morphological characters were investigated: leaf width, leaf length, leaf apex, stipule, petiole length, inflorescence, number of nodes, inter node length, plant hairiness, leaf venation, leaf bifacility, pedicel length, flower color and anther length. For quantitative characters, their average values were used. Qualitative characters were recorded in binary state and in some cases in multiple states. The binary characters were recorded as 1 and 2. Multiple state characters were recorded as 1, 2, and 3. The parameters selected for numerical analyses were the same as those proposed by Abid and Qaiser (2006) [19] . Minitab was used for morphological data analysis.
Biochemical Analysis of Pepino
The fruits of the pepino were sent commercially to Pakistan Council of Scientific and Industrial Research (PCSIR) laboratory Peshawar for analysis of volatile constituents of the fruit. A total of 6 volatiles, including total ash (%), total juice recovery (%), crude fat (%), crude protein (%), carbohydrates (%) and crude fiber were identified.
Results
Four members of the family along with pepino were used for DNA analysis. Using the local conditions of equipment's and chemicals, a protocol for extraction of total genomic DNA was optimized. In the modified DNA extraction protocol the expensive reagent liquid nitrogen was replaced. Quality and quantity of DNA isolated was confirmed by 1% agarose/TBE gel. The spectrophotometry of genomic DNA provides evidence of good quality & high molecular, with no or minimum degradation and with no contamination of RNA. Typically a PCR requires 50 -100 ng DNA as a template. The DNA isolated was diluted. Different dilution of isolated DNA was prepared 10 ng, 30 ng, 50 ng and 100 ng per µl in the autoclaved water. One µl DNA was used in the PCR reaction.
In the present study, RAPD-PCRs were carried out using 120 decarmers. The only 5 random amplified polymorphic DNA decamers were selected on the basis of reproducibility and polymorphism to amplify genomic DNA from 4 members of Solanaceae along with pepino. Two separate PCRs were conducted using primer sets A-09 and A-18 in the first PCR reaction and B-08, B-18 & B-19 in the second PCR reaction.
In few samples, amplification was not observed, which might due to the annealing sites of the primer used (A = 09) were not present in the genotypes. It is visible that the DNA fragments amplified in various genotypes were of various sizes ranging from 400 bp to 1400 bp.
The five selected primers produced 29 detectable polymorphic amplicons in our DNA samples with the mean of 5.4 loci per primer. The number of amplified loci ranged from 400 bp to 1400 bp and all used primers showed 100% polymorphism ( Table 2 ). The least number of bands was amplified with primer B = 08 (GTCCACACGG), while the maximum number of loci was amplified with primer A = 18 (AGGTGACCGT). One locus with 700 bp was identified to linked to pepino and it was produced by primer B-08.
The dendogram resulted by DNAMAN (Figure 1) showed different patterns of polymorphism in RAPD-PCR. Homology tree divides five members of the family Solanaceae into III major groups with 2 subgroup "2a" and "2b" in group 2. Subgroup "2a" comprised brinjal and tomato which have 80% homology, while subgroup "2b" contain chilly and potato and have 88% identical. Between group 1 and 2, 68% homology was analyzed. Figure 1 . Homology tree constructed against four accessions of the Solanaceae family along with pepino using DNAMAN software based on Nei's coefficient.
Pepino was included in group 3 showing 58% homology with the rest of the two groups and similarly based on a distance metrice, it was clustered in group III (Figure 2) . Moreover, the morphological diversity among members of Solanaceae family was calculated. During construction of morphological dendrogram, two major groups, i.e. A and B were generated (Figure 3) . The group A comprised of pepino and tomato with 47.70% homology, while group B further consists of two clusters as I and II. Brinjal and potato in sub group I showed 97.3% homology and subgroup II comprised of chilly and similarity index 63.94% was seen between subgroup 1 and 2.
Furthermore, the qualitative analysis of pepino fruit was investigated. For this purpose, a total of 6 volatiles, including total ash, total juice recovery, crude fat, crude protein, carbohydrates and crude fiber were identified in PCSIR Peshawar (Table 3) . AOAC official method of analysis 2005 was used for the chemical analysis of the fruit. During biochemical study, we found more 93% juice recovery. Other parameters, i.e. total ash crude fat and crude protein were also observed, but the most important was crude fiber amount.
Discussion
The pepino (Solanum muricatum) is an herbaceous crop cultivated in pre Columbian times for its juicy fruits [1] . Pepino is a fruit plant with a sweet smell and yellow coating color with purple stripes [3] . The anti-tumors effect of pepino has been reported [20] . Molecular markers can provide a prevailing tool to unravel the genome of medicinal important plant and enhance the discovery of Mendelian bases for trait inheritance [21] . In recent years, the use of molecular markers in crops has increased rapidly. With the use of molecular techniques, it would now be possible to accelerate the identification of different varieties and species of plants. Recently, many studies were performed for DNA fingerprinting of different economical plants for conservation and exploitation of genetic resources [22] . Among the PCR-based molecular techniques, random amplified polymorphic DNA (RAPD) is opportune in performance and does not require any information about the DNA sequence to be amplified [23] . The main goal of this work was to determine the feasibility of using RAPD markers as a tool to estimate diversity in different members of the family Solanaceae. The RAPD markers were used effectively for determining the phylogenetic relationships among the five specimens of Solanaceae. Many researchers have used this technique to determine phylogeny among genotypes of various valuable crops [17] [24] .
In the present work, based on five markers, 29 RAPD loci showed 100% polymorphism among five specimens of Solanaceae from Pakistan to reveal their genetic similarity and genetic distances. We observed the highest polymorphism, which is the most important feature of any marker to identify species or accessions of crops. The genetic variation through RAPD markers has been highlighted in a number of medicinal plants [24] - [26] . In previous studies, pepino and some members of Solanaceae family were characterized using AFLP techniques [10] [12] .
In phylogenetic study, the cluster analysis, among the four Pakistani Solanaceae specimens along with pepino, showed a noteworthy relationship to make distinct groups of species. Selvi et al. (2003) [27] concluded that the success of a breeding program depends on the understanding of the extent of variation bearing on the available gene pool. It is providing useful information for clustering of different species of medicinally important crops to conserve and utilize genetic resources. We were also able to locate a specific locus linked to the particular accession of the family Solanaceae. These specific loci will be available for estimation and characterization of genome complexity and diversity among different species of crops.
In the present research, the morphology of pepino along with other member of family Solanceae was also studied. On the basis of morphological marker, pepino was phylogenetically close to tomato and has similar physiological requirements, although it develops more slowly and requires at least 7 -8 more weeks from uprooting to the completion of the growing cycle [28] . The phylogenetic tree of morphology showed that pepino is mostly close to tomato.
Pepino fruit is low in calories, very rich in minerals such as calcium, phosphorus and potassium and contains vitamins such as thiamin, niacin, riboflavin and ascorbic acid (vitamin C), ideal for a number of metabolic and antioxidant reactions [29] . In the present study, the biochemical components of the pepino were also analyzed. A total of six parameters were studied, which revealed that pepino is a juicy fruit with maximum 93.25% moisture. This research is covering different types of parameters to evaluate selected members of Solanaceae family and pepino. We also evaluated fruit quality of pepino grown in the garden of Hazara University, Mansehra and this study should be useful to maximize this crop in this region.
Conclusion
Different members of the Solanaceae family along with pepino were cultivated at 34˚20'N 73˚12'E in Hazara University, Mansehra Pakistan. These were characterized with morphological and molecular markers. After screening with RAPD markers, five primers were selected because of the high degree of polymorphism. The specificity of the markers was also observed and primer B-09 generated 700 bp locus linked to pepino and this could be further used to develop specific marker. The cluster analysis was also performed based on DNA markers and morphological data. Two different patterns were observed while analyzing these two types of data. Moreover, the fruit quality of pepino was studied and high quality of fruit was reported.
